as various categories of wastes have to be managed differently [9] . Therefore, healthcare facilities must employ cost-effective and effective treatment and disposal technologies for their clinical wastes based on the classification and characteristics of wastes to decrease volume and reduce cost as well as prevent environmental hazards and protect occupational safety [1, 10] . Hence, many potential evaluation factors -including economical, technical, environmental, and social -must be considered to determine an appropriate healthcare waste treatment alternative for safe healthcare management [11] [12] [13] . The main objectives of this review are as follows: 1. Summarize the information of healthcare waste generation and treatment options. 2. Review the status of healthcare waste treatment in Malaysia. 3 . Determine the best proper technology for the safe treatment of healthcare waste. Thus, the present review proposes summarizing available information and definitions of healthcare waste and treatment technologies to implement the sustainable method for treatment.
Background information on the technologies is involved in order to provide information to those who may not be aware of the detail of each alternative. The majority of information gathered in our paper has been collected from the desk study of open literature survey, although some data have been obtained from reports available to the authors.
Healthcare Waste (HCW)
Healthcare activities generate an extensive amount of waste. Such wastes contain, besides domestic wastes, non-risk or general healthcare waste with a similar composition to household and municipal waste such as paper, cardboard, food wastes, glass, etc. [14] . The general wastes produced by health-care suppliers are among 75 to 90% and a wide range of clinical wastes as hazardous wastes is 10-25% that may create a variety of environmental hazards and public health risks [15, 16] . In addition, healthcare wastes can be any waste that includes blood, body fluids, human or animal tissue, excretion, pharmaceutical products, dressings or syringes, and needles or other sharp instruments. These wastes can be generated from medical, veterinary, nursing, dental, and pharmaceutical that can be hazardous and cause infection to any person coming into contact with it [17] . Different types of clinical waste may involve infectious, pathogenic, genotoxic, radioactive, and pharmaceutical materials, plus sharps ( Fig. 1) [1, 8, [18] [19] [20] [21] .
The categories of HCW [22, 23] that need to be managed with extreme care to minimize risks and other health hazards are summarized in Table 1 .
Treatment/Disposal Technologies
According to WHO, for the selection of the best healthcare waste treatment technology, they must have minimal risk evaluation for waste management facilities, minimal human health impact, and minimal environmental impact, and must be cost-effective and easily implemented [8, 22] . In addition, the treatment technologies must be able to adequately inactivate infectious micro-organisms to prevent dangers to public health and safety [14, [24] [25] [26] . Furthermore, before deciding the technology to be selected for treatment of clinical waste, it is necessary to substantiate the waste volume and its category because the various clinical wastes have to be managed and handled differently [9] . Table 2 summarizes treatment procedures for clinical wastes [23, 27] . The different treatment processes, method and techniques for clinical wastes to reduce the hazards and costs are namely: incineration, autoclaving, microwaving, landfilling and plasma pyrolysis.
Incineration Technology
Healthcare waste incineration has been the major technique used worldwide for disposing of the amount of materials that are biomedical waste, including explosive materials such as polyvinyl chloride plastics, papers, and discarded items of equipment [28] [29] [30] . Also, incineration is an engineered process that is designed to treat healthcare waste that uses thermal decomposition via thermal oxidation at high temperatures between 900 and 1200ºC to destroy the organic fraction of the waste [31] . The U.S. National Academy of Science in 2000 argued that the emission of pollutants during the incineration process is a potential risk to human health, and living or working near an incineration facility can have social, economic, and psychological effects [32] .
Autoclaving (Steam Sterilization)
Autoclaving/ steam sterilization is the second most commonly used waste treatment method. An autoclave essentially is a metal vessel designed to sustain high pressures and temperatures, with a sealable door and an arrangement of pipes and hatches through which steam is introduced to and removed from the vessel. In other words, in an autoclave the process steams the waste materials to destroy potentially infectious effects and kills pathogens before entombing the wastes [3, 23] . Since autoclaves use only limited quantities of waste and for the highly infectious waste, such as microbial cultures or sharps [33] , a shredder combined with an autoclave can be the best option to treat the medical waste to reduce the size of waste that has to go to the landfill sites [34] .
Microwaving
Microwave technology of clinical waste in the healthcare waste sector is considered an alternative technology of the incinerator and is a steam-based process, and electromagnetic waves with frequencies between radio and infrared waves that use wet inside the wastes or by additional steam to sterilize wastes and destroy infectious agents and pathogenic organisms in the waste. So it includes the use of high-intensity radiation to heat the moisture inside the waste [8, 35, 36] . The types of waste generally treated in microwave systems are equal to those treated in autoclaves [37] . Also, microwave methods cycle very rapidly between positive and negative and the very high frequency around 2.4 billion significant times per second that when receive the body of liquid or solid vibrate very quickly to result in friction to create significant amounts of heat [3] .
Landfilling
The landfill method is one of the popular methods because all wastes after minimization or treatment need access to land for final disposal to remove the remaining healthcare waste materials with the least environmental impact. The treated waste can be disposed of in a regular municipal waste landfill with most non-incineration technologies [38] . Although the landfill method is an easy and low-cost waste disposal method, it can enhance human health risk and environmental pollution if not handled carefully and properly [39, 40] . Furthermore, three waste products, including solid-like degraded waste, liquid-like leachate (which is water polluted with waste), and gas as landfill gas are generated from landfills that may pollute the environment. So landfills cannot be a safe method of healthcare waste treatment [8, 39] .
Plasma Pyrolysis
Plasma pyrolysis is a modern technology for safe disposal of healthcare waste. Also, it is an environmentally friendly technology that transforms organic waste into useful products [41] , and it is another type of thermal parsing of carbonaceous materials in oxygen. Plasma pyrolysis technology needs two chambers installed so that the primary chamber takes place at a high temperature of 1,100ºC and secondary chamber ignition takes place at 950 to 1,000ºC [42] . In addition, due to the severe heat generated by the plasma, it can dispose of all types of waste, including municipal solid waste, biomedical waste, and hazardous waste in a safe and reliable manner [33, 43] .
Studies on healthcare waste treatment show that among many methods for HCW treatment, about 59-60% are treated via incineration, 37-20% by steam sterilization, and 4-5% by other treatment technologies [1, 44, 45] . Incineration methods are most used among the technologies for healthcare waste treatment in most countries. So the advantages and disadvantages of each technology are summarized in Table 3 [27, [46] [47] [48] .
Malaysian Scenario for Healthcare Waste Treatment
Healthcare services are developing in Malaysia. The cost of treatment is still cheaper than in other countries in this area. Moreover, Asian patients are expected and believed to obtain a better standard of healthcare facility and treatment from Malaysian healthcare services [49, 50] . Also, the number of foreign patients who come to be treated in Malaysia is increasing every year. The increasing number of healthcare facilities and patients has produced an increase in the amount of healthcare waste. Therefore, healthcare waste management systems must operate properly.
According to the Ministry of Health Malaysia (MOH) [51] , hospital waste in Malaysia contains general waste, clinical waste, pharmaceutical waste, hazardous chemicals, and radioactive waste (of which 75 to 90 percent of hospital wastes are generally), and the remaining 10 to 25 percent of the wastes are hazardous [52] . According to the scheduled waste by the Department of the Environment (DOE), the hospital waste in Malaysia in 2010 is 42,029.33 metric tons (Table 4) , which with the current clinical waste growth rate, a development of accessible plants and appropriate management of healthcare wastes in Malaysia is necessary for proper treatment to reduce the adverse effects that this waste may pose [52] . In Malaysia, incineration technology and the disposal of the incinerated ash to landfills is mostly used to treat healthcare waste [9, 57] . The Bukit Nanas Integrated Waste Treatment Facility is the first general incineration treatment system in the country containing different facilities with high temperature, physical, and chemical treatments. Pursuant to the Consumers' Association of Penang (CAP), five regional medical waste incinerators were manufactured with capacity of 20 to 500 kg per hour to manage biomedical wastes of all types. Table 5 summarizes specification of the incinerator. Furthermore, other regions of higher capacity of about 200 kg per hour are in progress but still have siting problems and opposition from local authorities [55] . Nevertheless, in some of the biggest states, individual hospitals have fixed on-site incinerators for the disposal of clinical wastes [58] .
According to research carried out by Omar et al. [50] in three district hospitals located in Johor, Perakand Kelantan, the infectious waste was first filled into light blue bags for autoclave treatment before placing them into yellow bags for incineration. However, all collected clinical waste has been transported to the incinerator plant and turned into ash. In addition, cities have pursued controlled and sanitary landfilling to receive hazardous waste [59] . At the present, the state of Selangor is using a private-sector landfill and the federal government is arranging to expand this scheme nationally. Also, the federal government constructed nine sanitary landfills between 1995 and 2000 and later improved other 27 in 34 local authorities [55] .
Although there is a healthcare waste management system in Malaysia, several obstacles and problems have been found through the different studies. Also, there has not been comprehensive research and strategy done on the effectiveness of healthcare waste management for infectious disease prevention. Razali and Ishak [53] have found several problems in healthcare waste management (HCWM), one of which is the lack of enough space to wash and dry bins. Disposal cost also is increasing due to public awareness, which is measured as low to separate clinical waste and general waste. In general, fund limitations, shortage of technical knowledge, and competence, lack of storage, and insufficient transfer stations also are presented to the problem of effective healthcare waste management (EHCWM) in Malaysia [58] . Financial constraints and lack of community involvement and participation hamper implementing and improving sustainable waste management. In some countries there is an encouraging attitude to increase monetary resources and manpower abilities and capabilities for waste management services. However, at present waste management in Malaysia is similar to many countries because of parallel and overlapping tasks [59] .
Healthcare wastes consist of various hazardous material combinations such as radioactive materials, toxic chemicals, and bio-hazardous factors. Thus, selecting methods of treatment for multi-hazardous wastes and determining the most proper system of treatment processes is often a complex and problematic mission in Malaysia [60] .
Results and Discussion
Medical wastes involve multiple types of noninfectious waste and infectious waste of medical waste [8, 61] . In Malaysia, the amount of wastes generated in healthcare is extensive and increasing due to pandemics such as SARS and avian flu, and outreaching health tourism in addition to seeking medical help with more people via changing demographic lifestyles and aging nations [55] . By 2020 it is predicted that medical waste from Malaysian healthcare will reach 33,000 tons annually [55] . So, with the current clinical waste growth rate, the development of a reasonable system and appropriate management of healthcare wastes in Malaysia is necessary. To select and determine the most suitable treatment method is often a problematic task in Malaysia [60] . Incineration, landfill, and autoclave methods are all used for treating clinical wastes in Malaysia.
Incineration technology has been accepted and adopted as an effective method in this country. However, the capacity of incineration is inadequate to process 18,000 tons of waste per year [55] . Also, incineration of healthcare waste can produce secondary waste and pollutants if the treatment facilities are not appropriately constructed, designed, and operated. It can be one of the major sources of toxic substances, such as polychlorinated dibenzo-pdioxins/dibenzofurans (PCDD/ PCDF), polyvinyl chloride (PVC), hexachlorobezene and polychorinated biphenyls, and dioxins and furans that are known as hazardous pollutants. These pollutants may have undesirable environmental impacts on human and animal health, such as liver failure and cancer [31, 62] . Furthermore, incineration of clinical waste is an improper technology for most developing countries because of high financial startup costs and the occupational capital essential to implementing incineration facilities [5, 6, 8, 25, 63] . Based on research conducted by Razali and Ishak [53] in Selangor hospitals, one of the major challenges of handling healthcare waste in Malaysia is an alternative treatment for incineration in the future regarded to increase in clinical waste.
Landfilling is an easy and low-cost waste disposal method. Also, it may be said that the toxic wastes produced by healthcare are significantly low, as they are separately treated via landfill. However, the site of landfilling generates air pollution and intussuscepts vermin and other disease-causing germs. Moreover, it produces waste products in three phases, namely solid, contaminated water and toxic liquid called leachate, and gas by releasing heavy metals and toxic materials like dioxins and furans into the atmosphere and that may impact and pollute the environment [39, 64] . So a landfill is not a safe solution to treatment of clinical waste [40] . These must be taken into consideration with stringent policy to tackle the future occurrence of diseases that may affect the surrounding environment and human health [55] .
Autoclaving as a non-incineration technology of healthcare waste is an alternative method to incineration. It is viewed as a more costly technology than incineration [30, 65] . However, the autoclave method is not suitable for all kinds of clinical wastes and large amounts of hazardous waste [1] . Therefore, selecting the effective HCW treatment alternative and considering the need of multiple conflicting criteria problems such as economical, technical, environmental, and social, and their related sub-criteria with the involvement of a group of experts. It is viewed as a complex multi-criteria decision making (MCDM) problem [1, 3, 13, 66] .
Conclusions
All steps in the medical waste management system are important parts of a hospital waste management operation. Medical waste needs special care in its treatment and disposal because of its hazardous and diverse characteristics. It is well known that these wastes may cause a potential hazard to human health in terms of growth of diseases by viruses and micro-organisms, and for the environment (soil, air, water) when inappropriately handled, treated, stored, transported, or disposed of. Healthcare wastes are categorized according to their source; typology and risk factors related with their managing, storage, and use of different disposal and treatment methods. There are two types of treatment technologies: incineration and nonincineration. Many non-incineration methods include autoclaving (steam sterilization), microwaving, land filling, and plasma pyrolysis. However, the final selection of the best treatment system should be made carefully, on the foundation of different factors, many of which rely on local conditions. It is a fact that incineration is the main disposal method of medical waste in Malaysia. Also, in recent years in this country, the quantity of medical waste generation and the public concerns about the inappropriate treatment and disposal of medical waste has been increased. Therefore, the Malaysian government must consider regulating policy programs and healthcare waste strategies more systematically and stringently to control cost and manage healthcare waste appropriately, as it can reduce the hazards and risks to the community and the ecosystem. Finally, other potential treatment technologies must be examined as alternatives to incineration in order to better manage medical waste in Malaysia.
